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Passing an Alternating Electric Current 
Through Food and Fruit Juices l 
1. Design and Use of Suitable Equipment 
2. Cooking Food and Sterilizing Fruit Juices 
By LENORE E. SATER 
PURPOSE OF INVESTIGATION 
The purpose ,of this investigation was four-fold: First, to 
construct a piece of equipment for the cooking of food with heat 
generated by the resistance of the food, to the passage of an 
alternating electric current through it; second, to test the 
practical use of this equipment in the cooking of fruits, vege-
tables and meats; third, to determine the minimum tempera-
tures necessary to obtain adequate sterilization in canning 
certain fruits, fruit juices, and vegetables ~h!3n heated by this 
method ; and fourth, to study the lethal effect on certain food 
bacteria of a 60-cycle alternating electric current at voltages 
available in t he home. 
NEED FOR NEW PROCESS OF COOKERY 
Food is cooked by the application of heat. Heat may be 
generated in three ways: chemically, electrically and mechani-
cally. Until the introduction of electricity as a source of heat 
for cooking, the materials used for the production of heat con-
sisted of substances which combined chemically with the oxy-
gen of the air and liberated heat during the chemical reaction. 
In the use of electricity for cooking, heat is developed by the 
resistance of a conductor to the flow of an electric current. 
Efficiency, in its general sense, is defined as the ratio of the 
output of energy to the input of energy. The efficiency of a 
fuel for cooking purposes may be defined as the ratio of the 
heat taken up by unit mass of food to the total heat liberated 
per unit quantity of fuel. 
This efficiency is dependent on several factors.: The type of 
equipment and method used for heat production; the type of 
cooking apparatus; the type of cookery; and the type of food. 
The efficiency of the appliances used for the production and 
utilization of heat for cooking purposes is very low, a large 
percentage of the heat energy produced being lost in its transi-
tion from the source of production to the food. The approxi-
'Project Nos, 259 and 260 of the Iowa Agricultural Experiment Station. 
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mate efficiencies of certain fuels when used for cooking purposes 
in comm.on types of stoves have been shown to be: coal 5.3 per-
cent (5); bottled gas 56.7 percent (12); artificial gas 51.0 per-
cent (5); kerosene, 33.5 percent (5); gasoline 40.3 percent (5); 
electricity 83.3 percent (5). 
If we accept the definition of an ideal cooking appliance as 
one that will apply the heat at the place where it is to be utilized 
and in exactly the right amounts, we find, despite the relatively 
high efficiency of electrical appliances now being used, that a 
decided need for increased efficiency in cooking appliances 
still exists. 
In general, heat has been applied to food in three ways: 
(1) through hot air, as in baking and roasting, (2) through 
liquids, as in boiling and frying, and (3) by radiation, as in 
broiling. 
In each of these methods the heat has been generated and 
transferred to the place of utilization by conduction, radiation 
or convection. As a result, a large quaJ;ltity of heat is lost in 
heating the intervening media and by heat escaping to the 
surrounding media. In an effort to overcome these two out-
standing losses of heat in the cooking of food, an electric current 
was passed through the food itself. The resistance of the food 
to the flow . of the electric current generated enough heat within 
the food for the cooking process. Thus, the heat was developed 
in the place where it was to be utilized and in the necessary 
quantities. 
REVIEW OF LITERATURE 
The development of heat by passing an electric current 
through a substance of high resistance has been in use for a 
number of years. Heat so developed is then transferred to 
the place of utilization by conduction, radiation, or convection. 
Only in recent years has the idea been conceived of passing 
the electric current directly through the substance which is to 
be heated. Electric welding is one of the first practical applica-
tions of this principle (19). 
In reviewing the literature on heating food by this method, 
several reports have been found regarding the cooking of meat 
with heat developed by passing an electric current through it, 
but no record of a scientific investigation has been noted. All 
effort in the field seems to have been directed toward studying 
the effect of the electric current on bacteria. Most of the ex-
pf'riments have been performed under laboratory conditions 
using high voltage current, high frequency current and high 
current densities. No studies have been made using current 
of frequencies and voltages found in the home. 
In 1891 the use of electricity as a sterilizing agent for sewage 
water was investigated by Fermi (7). He found in making a 
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bacteriological examination that the passage of a current of 
0.5 to 1 ampere through the sewage water reduced the viable 
cell content to 1 to 2 percent. Iron electrodes were used in 
the apparatus, and Fermi believed that the germicidal action 
was due to the formation, coagulation and precipitation of iron 
hydroxide which carried the organisms with it in settling. 
The same year Spelker and Gottstein (13) 0 btained a re-
duction il). the number of micro-organisms by passing an in-
duced current through suspensions in distilled water. The 
temperatures used were sub-lethal, and since no metal electrodes 
came in contact with the conducting medium, it was thought 
that the killing action was due to the electric current. In 
1909 Stone (16) found that small direct currents, 0.1 to 0.3 
milliampere per sq. cm., and small static charges stimulated 
bacterial growth in milk and water. 
In 1914 Thorton (17) found that water containing Bacterium 
coli communis could be completely sterilized in a few hours by 
a direct current having a potential gradient of 210 volts per 
centimeter and a current density of 0.3 ampere per square 
centimeter. Alternating current having the same current 
density also gave equally good results. The temperature of 
the conducting medium was maintained between 55°C. and 
65°C., and although some of the killing action may have been 
due to the heat produced, Thorton believed the major portion 
of the lethal effect to be due to the electric current, because 
he found, in order to obtain well marked and constant results, 
that it was necessary to use a voltage gradient and current 
density above a minimum. Thorton also found that if the 
current density of 0.3 ampere per square centimeter was held 
constant and the voltage increased, a greater lethal effect was 
obtained. In a study of the electrical conductivity of micro-
organisms, Thorton discover\')d that the specific resistance for 
all micro-organisms was not the same, and that it even varied 
in the same organism, depending upon the nature and state of 
the culture medium. The results of sub-culturing showed that 
the conductivity of the bacteria increased at each step, until 
a steady value was reached at about the fourth sub-culture on 
agar. These two discoveries, that micro-organisms vary in 
their concluctivity and that to produce a killing action a' mini-
mum voltage and current density are necessary, led to the con-
clusion that for each type of micro-organism, the voltage used 
must be sufficiently high to overcome the electrical resistance 
of the micro-organism or the current actually carried by the 
organism would be below the minimum lethal value and death 
would not occur. 
In 1919 Anderson and Finkelstein (2) investigated the pas-
teurization of milk by using the Electro-pure process. The 
machine employed in the experiment used 14 amperes of 25 
278 
cycle current at 2300 volts. The change in temperature of 
the milk, owing to the passage of the current, was from 40° to 
70°C. The results showed that the process gave a satisfactory 
reduction in the total count of bacteria, but the investigators 
concluded that the destruction of the bacteria was due to the 
heat produced by the current rather than to the electric current 
itself. 
As a result of the work of Anderson and Finkelstein with the 
Electro-pure equipment a very simple piece of apparatus has 
been evolved. This machine uses 200 volts, 60 cycle alternat-
ing current with a current density of 2 amperes per square inch 
of electrode surface. 
In 1920, Beattie and Lewis (3) working in England with a 
machine using 50 to SO cycle current, ranging in voltage from 
2,000 to 5,000 volts, found that milk can be rendered free from 
Bact. coli and B. tuberculosis by an alternating electric current 
without raising the temperature of the ,milk higher than 63 
to 64°C. Their results showed a reduction of 99.93 percent, 
and they concluded that the temperature itself was not the 
principal factor in the destruction of the bacteria. 
Since Anderson's and Finkelstein's experimental work on 
the Electro-pure process in 1919, several other investigators 
have made observations on the results obtained by the im-
proved machine. Carpenter (4) in 1924 proved that the elec-
trical conductivity method of treating milk effectively destroy-
ed tubercle bacilli with which the milk had been artificially in-
oculated. Prescott (10) in 1927 found that operating under the 
recommended commercial conditions of 160°F., 200 volts, 60 cy-
cle, no tubercle bacilli survive. Gelpi and Devereux (S.) in a 
study of the effect of the electric current on spores found that 
the Electro-pure process at 71°C. with momentary holding (10 
to 14 sec.) was superior to pasteurization at 62.SoC. for 30 min-
utes. The results were particularly marked with Bacillus an-
thracis which is known to be an extremely resistant organism. 
By the holding method the reduction ranged from 0.3 to 2.7 per-
cent while in the Electro-pure process it ranged from 99.5 to 
99.7 percent. 
Stabler (14) in 1931 in comparing the Electro-pure method 
and the holding method of pasteurization found the Electro-
pure method at 73°C to be equally as efficient, both in reduction 
of bacterial count and in the kinds of organisms destroyed, as 
the holding method of pasteurization at 62°C. At 62°C. the 
electrical pasteurization destroyed the same kind of organisms, 
but did not reduce the bacterial count to as great an extent as 
the holding method of pasteurization at 62°C. 
Tracy (18) (1931-32) in a study of the effect of alternating 
current on suspended yeast cells at non-lethal temperatures 
(42°C.) reports that suspended cells can be killed by the Elec-
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tro-pure process within 60 seconds at temperatures 2° to 3°C. 
below their thermal death point. He also reports that the 
lethal effect of the current varies with the current density and 
the quantity of electricity used. 
In the preceding review of literature it is observed that there 
is a slight disagreement as to the lethal effect of an alternating 
current on micro-organisms. This difference of opinion prob-
ably occurs because few of the observers were working under 
the same standard conditions, and according to Thorton (17) 
unless the voltage gradient and current density were within 
the proper range for the organism being experimented upon, 
a killing action would not be obtained at sub-lethal tempera-
tures. 
In 1927, Harris (9) investigated the possibilities of cooking 
food by passing an alternating electric current through it. The 
apparatus used consisted of two stainless steel pans, the bottoms 
of which were used for the electrodes and the handles for termi-
nal connections. One pan was inverted, the food placed on 
the bottom and the second pan was set on top of the food. The 
food thus completed the electric path. Sixty-cycle current at 
110 volts was used having a current density determined by the 
resistance of the food. 
Lean meats were found to cook readily while marbled and 
fat meats cooked slowly or not at all depending upon the quan-
tity and placement of the fat. Certain fruits and vegetables 
carried the current easily, while others appeared to be good 
conductors for a few seconds and then suddenly to become in-
sulators. When the pans were removed it was found that the 
outside layer of food cells appeared scorched or charred. 
INVESTIGATION 
EQUIPMENT USED 
COOKERS 
The present experimental work started with the design and 
construction of a watertight cont'ainer in an effort to overcome 
the scorching action encountered by Harris. A detaiied des-
cription of the several cookers with their various types of elec-
trodes, which were designed and donstructed, will appear under 
the heading, Construction of Apparatus. 
FOODS USED FOR TESTING COOKERS 
1. Fruits: apples, apricots, cherries, peaches, plums, rasp-
berries, strawberries, grapefruit, pineapple and rhubarb. 
2. Vegetables: carrots, cauliflower, asparagus, tomatoes, 
parsnips, potatoes, peas and beans. 
3. Meats: beef, both lean and fat, pork and chicken. 
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ELECTRICAL TESTING APPARATUS 
1. Esterline Angus Graphic Wattmeter. 
The power consumption in the longer period tests was 
recorded by a graphic wattmeter. 
2. General Electric Indicating Wattmeter. 
3. Esterline Angus Graphic Voltmeter. 
By the use of a graphic voltmeter it was possible to 
keep accurate records of the voltage during each cooking 
process. ' 
4. Current]Transformer. 
General Electric Company Current Transformer 
Type P3 cycles 25/125 
Amperes 15/20/30/40/60/80 
Ratio 3/4/6/8/12/16:1 
5. General Electric Potential Transformer. 
Type M Form B 
Cycles 60 Volts 110/220 to 11/22 
Maximum watts 500. 
A step-up transformer was used to boost the line voltage 
from 110 to 132. 
6. Allen Bradley Rheostat. 
By the use of a rheostat the voltage could be held 
constant during an entire test. 
7. Brown Electric Pyrometer. 
A multiple recording pyrometer with four thermo-
couples was used, making it possible to obtain four con-
tinuous records of temperatures from four different 
sources. 
OTHER INSTRUMENTS 
1. Thermometer. 
When more accurate temperature readings were 
necessary . a sensitive thermometer was used, reading to 
0.2 of a degree. . 
2. Low and Campbell Stop Watch. 
3. Polar Planimeter. 
A Polar Planimeter reading in square inches was used 
to measure the area under the curve drawn by the record-
ing Wattmeter. 
ELECTRICAL SET-UP 
The cooker, transformer, rheostat and electrical testing ap-
paratus were connected in series and parallel as shown in the 
wiring diagram. (Fig. 1) 
METHOD OF PROCEDURE 
CONSTRUCTION OF APPARATUS 
COOKER A 
In an effort to provide a method of water cooling the elec-
trodes and thus overcoming the scorching action encountered 
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by Harris, a water-tight container was constructed. This con-
tainer consisted of a 7.5X 10 cm. heavy gauge glass cylinder 
T 
sealed by a cork gasket to a 
metal disc of Allegheny Met-
al. The metal disc which 
served as the bottom elec-
trode carried a projecting lip 
as a terminal for the elec-
trical connection. The metal 
disc and glass cylinder were . 
imbedded approximately 6 
mm. in a cylindrical bakelite 
base. A bakelite ring was 
clamped over the top of the 
glass cylinder and bolted to 
the base below. Thus a 
water-tight container was in-
WIRING DIAGRAM sured. The top electrode was 
also a disc of Allegheny Metal 
slightly smaller in size than 
the diameter of the glass cyl-
inder. This was mounted on 
an adjustable wooden post 
which could be lowered into 
the glass container to any 
desired depth. This electrode 
also carried a projecting lip 
which bent upward along the 
post and provided the top 
terminal. (Fig. 3.) 
This small appliance served 
the purpose for which it was 
constructed and demonstrated 
Fig. 1. Wiring diagram of electrical the fact that the scorching 
set-up. action could be largely over-
come by water-cooling the 
electrodes. To prove the adaptation of this equipment to 
Fig. 2. Constructed cook er and electrical set-up. 
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home quantity cooking, however, a larger pIece of apparatus 
was constructed. (Fig. 4.) 
This apparatus con-
sisted of the following 
parts: 
1. An earthenware 
container. 
2. A bakelite base 
on which was mounted 
a steel post carrying an 
adjustable arm with 
the top electrode. 
The construction of 
the earthenware con-
tainer was the same as 
that of the glass con-
tainer. A 15X 16 cm. 
earthenware cylinder 
was used giving a 
cooking utensil of 3 
liters (approximately 
3 quarts) capacity. 
The rectangular bake-
Fig. 3. Initial cooker constructed. lite base was 40X 8X 2.5 
cm. At one end of the 
bakelite base a circular recess was made. This recess was 2 
mm. deep and was of sufficient diameter to receive the base of 
the earthenware utensil. Concentric with this and 2 mm. deep 
was constructed a second recess for the smaller container pre-
viously constructed. These recesses held the containers in the 
proper position for the lowering of the top electrode. 
To the side of these concentric circles and extending into 
the bakelite base was a 6 mm. metal post which served as a 
terminal post for making electrical contact with the bottom 
electrode. This terminal post was connected to a wire lead 
imbedded in the bottom of the bakelite base. This wire ran 
to the end of the bakelite base opposite to the container and 
terminated in an external knife blade connection. (Fig. 4.) 
Mounted on the bakelite base at the same end as the termi-
nals was a hollow cylindrical steel post 18X 2.5 cm. Operating 
within this post was an adjustable U-shaped arm. The arm 
of the U which played in the steel post was approximately 
22.5 cm. in length and was composed of three concentric cy-
linders. The outer cylinder was of steel and the inner one of 
copper. Between these two was an insulating cylinder of 
bakelite. Fastened to the bakelite base and running up through 
the hollow post was a copper finger, the top of which made 
contact with the copper cylinder in the adjustable arm. The 
bottom of this finger was connected to the remaining terminal 
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of the knife blade connection. This finger, so placed, insured 
electrical contact with the copper cylinder in the post above, 
regardless of the position of the adjustable arm. To the free 
end of the U was fastened the second metal disc. This formed 
the top electrode . 
. The electrical connection for the top electrode was made by 
a wire running from the copper cylinder along the top part of 
the U and terminating in a 5 mm. metal post imbedded in a 
bakelite post for insulation. To this bakelite post was threaded 
a 12 mm. bakelite disc, approximately 3 mm.larger)n diameter 
COOKER A 
Fig. 4. Construction of cooker "A". 
284 
than the metal electrode. When the metal electrode was 
threaded onto the metal post, it imbedded itself in the bake-
lite disc, thus eliminating all danger of contact with the sides 
of the metal disc. 
The electrodes were made from No. 22 gauge sheet metal. 
Two sizes were constructed to fit the two sizes of containers. 
The first electrodes were made from Allegheny Metal. These 
were found to discolor slightly with use and to scorch certain 
foods. In an attempt to overcome this discoloration and 
scorching action, copper discs, nickel and chrome plated, were 
made. No. 22 gauge sheet copper was used for the core, and 
this was nickel plated for one set, while a second set was chrome 
plated on top of the nickel plating. . 
In an effort to control the length of path of the current and 
to overcome the scorching action, spiked electrodes were con-
structed. The discs were made from No. 22 gauge Allegheny 
Metal and the spikes from 5 mm. Allegheny Metal rods. Each 
spike was approximately 5 cm. in length. One disc carried 21 
spikes and the opposite one 28 spikes. These spikes were so 
arranged on the discs that when placed in the container those 
from the two discs interlaced and an electrical path of constant 
length was maintained between the spikes. (Fig. 5.) 
• 
Fig. 5. Different types of e lectrodes tested. 
(a) chrome plated, (b) nickel plated, (~) parallel, (d) Alle-
gheny metal, (e) spiked. 
For the efficiency tests, the cooker was heavily insulated. 
This was done by placing the earthenware container in an 
aluminum pan of sufficient diameter and depth ' to permit a 
2.5 cm. wall of rock wool packing between the crockery con-
tainer and the pan. The exposed edge of the insulating material 
was sealed with plastic wood. An insulated lid was also con-
structed to fit above the top electrode. 
COOKER B 
Cooker B was constructed in a further attempt to control 
the length of path of the current and to help o,vercome the 
slight scorching action on some foods. (Fig. 6.) 
Cooker B consisted of 
two parts: 
1. A rectangular 
glass jar. 
2. A series of rect-
angular parallel elec-
trodes, placed verti-
cally in the jar. 
The jar was made 
from a glass battery jar 
20X 19X22 cm. The 
electrodes were made 
from No. 22 gauge Al-
legheny Metal 12.5X 16 
cm. in size, and were 
four in number. They 
were placed parallel to 
one another and were 
held in a ' vertical posi-
tion in the container by 
grooved bakelite ends. 
One terminal was wired 
to two alternating elec-
trodes and the second 
terminal to the two re-
maining electrodes. 
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Fig. 6. Cooker "E" showing parallel verti-
cal electrodes. 
COOKER C 
Cooker C was constructed in an effort to overcome a varia-
tion of temperature between the top and the bottom of the 
container, when heating tomato juice. The utensil consisted 
Fig. 7. Cooker "C." 
of an earthenware cas-
serole approximately 16 
cm. in diameter and 9 
cm. deep. In the cen-
ter of the bottom of the 
casserole was sealed a 5 
mm. metal post. This 
post extended to the top 
of the container and 
formed an electrode. 
Electrical connection 
was made with the base 
end of the post outside 
the container. The sec-
ond electrode consisted 
of a metal cylinder 9 
cm. in height and of a 
diameter to fit closely 
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within the earthenware casserole. This cylinder carried a pro-
jecting lip at the top to which the electrical connection was 
made. (Fig. 7.) 
TESTING THE APPARATUS 
TESTING THE APPARATUS FOR CONSTRUCTION 
In testing the apparatus for construction two series of tests 
were run. The first series tested the apparatus for efficiency 
and the second tested the effect on the heating time of vary-
ing the distance between the electrodes. 
For testing the construction of the apparatus tap water was 
used as the resistance medium. Tap water was selected be-
cause it was found to offer a fairly constant and controllable 
resistance. In general in preliminary tests it was found that 
the resistance of the conducting medium increased during the 
heating process to such an extent that the voltage dropped 10 
to 20 volts below the normal line voltage. In order to maintain 
a constant voltage during the tests a potential transformer 
was added to the electric circuit, and the line voltage was held 
constant at 110 V. The temperature range used for all series 
in testing the construction was from 30°C. to 90°C. The 
current density used in the different tests was determined 
by the length of path of the resistance medium. 
For testing the efficiency of the apparatus 1,000 grams of 
water were placed in the container and the depth measured 
with a metal cm. gauge. A 12 mm. bakelite cylinder was cut 
the length of the path of the water and placed in the center 
of the bottom electrode. The top electrode was then dropped 
until in contact with the bakelite cylinder and the surface of 
the water. The bakelite cylinder acted as a depth gauge and 
insured the top electrode being placed in the same position in 
each run. Temperature readings were recorded every 30 sec-
onds by an electric pyrometer. The thermocouple, placed in 
the liquid through a small hole in the top electrode was ad-
justed so that the terminal junction was approximately half 
way between the two electrodes. 
After the top electrode and thermocouple were adjusted the 
current was turned on, and when the temperature reached 30°C. 
the recording voltmeter and wattmeter were connected into 
the circuit. When the temperature of the water reached 90°C. 
the wattmeter and voltmeter were disconnected, and the time 
taken to heat the water from 30°C. to 90°C. was recorded. The 
container was emptied and cooled to room temperature before 
starting a new test. Ten tests were made and the average time 
and watts consumed computed. The latter was determined 
from the area planimetered under the curve drawn by the re-
cording wattmeter. 
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The efficiency of the first series of tests was computed, and 
the container was then insulated and a second series of tests 
was ·made similar to the first set. 
Following the same general procedure tests were made on 
the effect on the heating time of varying the length of path. 
Bakelite cylinders were cut 25 mm., 37Y2 mm. and 50 mm. in 
length. The 25 mm. cylinder was placed in an upright position 
in the center of the bottom electrode and tap water was added 
to the container until it came slightly above the top of the 
bakelite cylinder. The water was then removed and weighed 
to determine the amount necessary for the length of path 
being tested. The water was returned to the container and the 
same procedure then followed as in the efficiency tests. 
Similar runs were made for 37.5 mm. and 50 mm. length 
paths. 
INTEHPHETATION OF HESULTS 
Formula to determine kw-hrs. : 
(Area) (Length) (0.212) (8) (Y2) = kw-hrs. (Length) 12 
Where 
Area is sq. in. under curve drawn by recording wattmeter 
Length is the abscissa distance in inches of the area under 
the curve drawn by the recording wattmeter 
12 is speed of roll in inches per hour 
.212 is kw. per inch of ordinate displacement of recording 
pen 
8 is multiplying factor of current transformer 
Y2 is multiplying factor of wattmeter 
Efficiency Formula: 
M (Tl - To) 
860,300Xkw-hr. X 100% 
Where 
M is mass of water in grams 
Tl is final temperature in degrees centigrade 
To is initial temperature in degrees centigrade 
860,300 is the conversion factor to change kw-hrs. to 
calories 
TESTING THE APPAHATUS TO DETEHMINE ITS PHACTICAL APPLICATION IN THE 
COOKING OF FOOD 
In the testing of the constructed apparatus to determine its 
practical application in the cooking of foods, meats, vegetables 
and fruits were used as resistance media. 
The food was prepared as for the customary methods of 
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cookery. Three methods of cookery Were used; without water, 
with water and with a sugar sirup in the case of fruits. 
COOKING AND CANNING OF FRUITS AND VEGETABLES 
In the preliminary work in the cooking of fruits and vege-
tables, no · attempt was made to control the applied voltage or 
the current density during any of the tests. The normal ap-
plied voltage (110 V.) was used with a ourrent density deter-
mined by the resistance of the conducting medium. The 
quantity of food for different tests was determined by the 
length of path it provided for the current. Owing to the differ-
ence in size of various fruits and vegetables such as peas, 
carrots, potatoes, berries and apples, different quantities of 
food were used in different tests. In the study of the effect 
of length of path on the cooking time of anyone food, paths 
varying from 1 to 4 inches were used. 
As this was the initial work in the cooking of food by this 
method, the optimum cooking time for a standard product was 
not known, so extensive preliminary determinations on cooking 
time were necessary. The minimum time used was the time 
required to reach boiling temperature for small fruit, and the 
maximum time was 18 minutes for potatoes through which the 
resistance of path averaged approximately 2%: inches of re-
sistance. The cooking time varied for the different foods and 
for different quantities of the same food. 
Certain vegetables and fruits such as juicy apples and toma-
toes were found to cook without water. The product was peel-
ed and placed on the bottom electrode. The top electrode was 
dropped until good contact was obtained. 
Most vegetables scorched, particularly at the top electrode, 
when cooked without water. With some vegetables the scorch-
ing action was so pronounced that the resistance developed at 
the surface completely shut off the current. It was found that. 
with practically all vegetables the scorching action was largely 
overcome and the cooked product was more attractive in ap-
pearance when cooked in water. The vegetables were placed 
in the container as for cooking without water. After the top 
electrode was dropped into place, a sufficient quantity of water 
was added to submerge the top electrode. 
While most fruits were found to cook without water, if one 
desired to add sugar, the short cooking time was in most cases 
not sufficient for the sugar to go into solution. In the pre-
liminary tests with fruits to determine their cooking qualities 
by the present method and their keeping qualities when canned, 
the sugar was made into solution, allowed to cool and poured 
over the fruit. Several cooking times were used for each fruit . . 
The minimum time used for each fruit was that required to 
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reach the boiling temperature. The additional cooking t.imes 
were arbitrarily chosen. After being cooked, the fruit was 
canned in sterilized jars as in the open kettle method. The 
jars were sterilized by boiling 15 minutes. The fruit was ~tored 
for a period of 9 months before being opened and judged for 
flavor, texture and appearanoe. 
After the keeping qualities of the first fruit canned were 
determined, a second set of tests was run to determine the 
optimum temperature or boiling time to insure good keening 
qualities when using 110 volts. Sixty cycle current with a 
constant potential of 110 volts was used throughout all the 
tests. The current density varied with the different food 
products and also varied during the cooking process of any 
one product. 
One pint of fruit or vegetables was used in each test. Only 
one test was run at each final temperature chosen. The final 
temperatures used for fruit ranged from 60°C. to boiling with 
5° intervals. Tests were also run with the boiling temperature 
maintained for 1, 2, 3 and 4 minutes. The final temperatures 
used for peas ranged from 90°C. to boiling, and tests were also . 
run in which boiling temperature was maintained for 1, 2, 3 
and 4 minutes. Green beans were maintained at boiling tem-
perature for 3, 6, 9, 15 and 20 minutes. Both ' fruit and vege-
tables were cooked with water and canned as in the open kettle 
method. The jars were sterilized by boiling for 15 minutes. 
The canned products were stored for 3 months before they 
were opened. 
COOKERY OF MEATS2 
Meats were cooked with and without water. Pork, beef, 
mutton and chicken were used. The meat was placed directly 
on the bottom electrode, and the top electrode was lowered 
until good contact was obtained. 
In the cooking of meats with the electric current, several 
series of tests were run to determine how the lean and fatty 
tissues of beef, pork and mutton, when used singly or in com-
bination, reacted to this process. 
For each of the several s'ets of experiments for the first three 
meats tested, five cubes were cut at random from the same 
piece of meat, and the average of the five runs was considered 
typical of the entire piece. Records of time, power and product 
were noted as shown in tables 10, 11 and 12. 
In the first series of tests the cube of meat was placed be-
tween the electrodes with the fibers of the meat parallel to the 
direction of the current. In the second series the cube of meat 
was placed with the fibers at right angles to the direction of 
'A portion of the work on meat was done by Herbert A. Sayre, formerly associate professor 
in household equipment at Iowa State College. 
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the current. In a third series of experiments inch cubes of 
lean meat with a division layer of fatty tissue near the center 
of the cube were used, while in a fourth series inch cubes of 
lean meat with a top layer of fatty tissue were used. In the 
fifth series 1-inch cubes of beef suet, leaf fat and mutton tallow 
were tested. 
In the cooking of chicken the legs and thighs were used. 
These were prepared as for the customary "method of frying 
and were placed directly between the electrodes. 
CANNING OF FRUIT JUICES 
The initial work in the canning of fruit juices consisted of 
determining the minimum temperature necessary to obtain 
sufficient sterilization for good keeping, when the juice was 
heated by passing a 60 cycle alternating current at 110 volts 
through it. This was followed by tests to determine the effect 
of increased voltage, current density and pH. 
The juices used in the tests were tomato, grape and apple. 
In series No.1, 60 cycle alternating current having a con-
stant potential of 110 volts was used. The current density 
for each juice was determined by the resiiltance of the conduct-
ing medium (1 quart of juice). Due to the fact that the voltage 
was kept constant throughout each test the current density 
varied during each test with the changing resistance of the 
heating juice. The juice was heated to different final tempera-
tures ranging from 60°C. to boiling with 5° intervals. 
In series No.2, the voltage was doubled (220 volts), but the 
current density of series 1 was closely maintained by doubling 
the resistance (two quarts). The temperature range of this 
series was the same as in No.1. 
In series No.3 the voltage was held constant at 110 volts 
and the current density was approximately doubled by using 
one-half the resistance (1 pint). The same temperature range 
was used in series No.3 as in No. 1. 
In series No.4, the pH of the juice was increased and the 
series 1, 2 and 3 were repeated for each pH. 
METHOD OF PROCEDURE: 
a. Tomato juice 
Ripe tomatoes, directly from the garden were washed and cut into 
sections. These were placed in a small fruit press and thoroughly 
crushed. The combined seeds, pulp and juice were then strained 
through a fine sieve to remove the seeds and skins. The pulp was left 
mixed with the juice because of its vitamin content. 
Three 'gallons of juice were extracted at one time. This furnished 
enough juice for one series of tests. An initial temperature of 22°C. 
was arbitrarily decided' upon as this was approximately room tempera-
ture. The juice was kept covered in a mechanical refrigerator and 
brought to the desired initial temperature for each test by placing the 
pan in warm water. 
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One quart of liquid was used in each test. This furnished sufficient 
juice to fill four 672-ounce bottles. The bottles were sterilized with hot 
water and cooled. The juice was poured into the cooker, a bakelite 
depth gauge was placed in the center of the bottom electrode, and the 
top electrode was dropped until it rested on the surface of the liquid 
and the top of the 
bakelite gauge. This 
gauge, previously 
mentioned, insured 
a constant length 
of path throughout 
the series of tests. 
A sensitive ther-
mometer reading 
to 1/5 degree C. 
was used for check-
ing temperatures. 
The thermometer 
was placed in the 
liquid through a 
hole in the top el-
ectrode. The 
height of the ther-
mometer was ad-
justed so that the 
bulb was approxi-
mately 12 mm. 
above the bottom 
of the cooker. 
A potential trans-
former in the elec-
tric circuit boosted 
the line voltage to 
121 or 242 volts, 
thus enabling the 
voltage to be held 
Fig . 8. Fruit juice in storage. 
constant at 11 0 or 220 during each test. 
When the thermometer showed the desired temperature the electric 
circuit was opened and the liquid allowed to stand until the thermo-
meter reached its maximum reading. This was essential as the operator 
was not able to obtain a thermometer sensitive enough to register the 
rapid change in temperature of the liquid. By experiment it was found 
that it was impossible to estimate the temperature rise of the thermo-
meter after the current was shut off, as the temperature rise of the 
thermometer not only varied for the different temperatures at which 
the current was shut off, but varied for tests in which the current was 
shut off at the same temperature. As a result, the five degree (5°) in-
tervals were used as the point for turning off the current. 
When the thermometer reached its maximum reading, the tempera-
ture was recorded, and the juice was bottled and stored at room temper-
ture for a period of 9 months (fig. 8). The bottles were opened at the 
end of the storage period and the juice was judged for appearance and 
flavor. As this was the initial work in canning fruit juice when heated 
by this method, the original plans were to judge the keeping qualities 
only from the standpoint of appearance, color, and flavor. After the 
juice was canned, however, it was suggested that bacteriological checks 
be also made when the bottles were opened. Counts were made from 
two bottles out of each set, 1 cc. samples were taken and plated on 
nutrient agar. These were incubated 48 hours at 37°C. 
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Owing to the time of year in which the work was carried on, only the 
series of tests under (1) were run on tomato juice. 
b. Grape Juice 
Concord grapes purchased on the open market were used for the 
tests. The juice was extracted in the same manner as the tomato juice 
except that the juice was clarified by passing it through a cloth filter. 
The procedure for the tests was the same as for tomato juice. Series 1, 
2 and 3 were run on grape juice. 
c. Apple juice 
The apples used were purchased by the Horticultural Department 
and placed in cold storage. Stamen Winesaps, Jonathans and Rolls 
Janets were used in equal proportions. 
Three gallons of cider were made for each series of tests. The juice 
was extracted in a hydraulic press and was clarified by the use of pect-
inol. The method of procedure of heating was the same as for the 
tomato juice. Series 1, 2 and 3 were run on apple juice. The pH of 
the juice was read by the colorimetric method. 
The normal pH of the juice (4) was slightly low owing to the period 
of storage of the apples (3 to 4 months). For the additional tests the 
pH was increased to 3.5 and 3. and series 1, 2, 3 were repeated for each 
pH. 
THE LETHAL EFFECT OF 60 CYCLE ALTERNATING CURRENT OF AVAILABLE HOUSE-
HOLD VOLTAGES ON CERTAIN FOOD BACTERIA 
In an effort to determine whether the keeping qualities of 
the fruit juices heated by the present method were due to the 
heat developed'in the juice or to some effect of the electric 
current passing through the juice, experiments studying the 
effect of 60 cycle alternating current of available household 
voltages on different bacteria were carried on. 
Solutions of potassium phosphate and sodium chloride with 
suspensions of Bacterium coli and spores of Bacillus subtilis, 
were used as the conducting media. Different concentrations 
of solution, varying from 0.5 percent to 6 percent were used in 
different tests in order to obtain different conductivities in the 
resistance medium. The small 10X7.5 cm. container was used 
in all tests with 125 cc. of solution. This gave a conducting 
path of approximately 2.6 cm. of liquid. 
In all the series of tests except series 4 (described later) the 
current was shut off at sub-lethal temperatures. The tempera-
ture range used was from 20°C. to 45° and 48°C. The final 
temperature reached by the solution after the current was shut 
off ranged from 48° to 52°C. 
Four tests were run in each series. The first series of tests 
consisted of studying the effect of different current densities. 
The current densities used were 0.1, 0.2 and 0.3 amperes per 
sq. om. Tests were run using both potassium phosphate and 
sodium chloride as the resistance media. The initial voltage 
used with the different current densities ranged from 10 to 200 
volts. During the heating process for the different tests the 
voltage drop ranged from 15 to 65 volts. The heating time 
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varied from 50 seconds at a current density of 0.1 amperes per 
sq. cm. to 17 seconds at a current density of 0.3 amperes per 
sq. cm. . 
In the second series of tests the liquid was subjected to the 
same quantities of electricity in different periods of time. Two 
coulombs were used in 12>1, 17, 25 and 50 seconds of time. The 
initial voltage varied from 65 to 22 volts. 
In the third series of tests the effect of different current densi-
ties in a constant time was studied. The current densities 
used were 0.1 and 0.2 amperes per sq. cm. and the time 1 
minute. The final temperature for 0.1 amperes per sq. cm. 
was 29.5°C, and for 0.2 amperes per sq. cm. 40°C. 
The fourth series of tests was for determination of the per-
centage reduction of bacteria at different periods of time and 
temperature, when using two different current densities 0.1 
and 0.2 amperes per sq. cm. This series was paralleled by 
heating another portion of the same solution by the ordinary 
conduction method of heating, so that the solution reached 
the same temperatures in the same periods of time, as the 
solution heated by the 'electric current. 
In this series of tests the final temperatures used for Bacter-
ium coli and Bacillus subtilis were not the same. With Bacter-
ium coli the temperature range for a current density of 0.1 
amperes per sq. cm. was· from 27°C. to 64°C., and the time was 
8 minutes. Samples and temperature readings were taken at 
I-minute intervals. The temperature range for 0.2 amperes 
per sq. cm. was 28°C. to 64°C. and the time was 1>1 minutes. 
Samples and temperature readings were taken at 30-second 
intervals. 
With Bacillus subtilis the temperature range for 0.1 current 
density was 30°C. to 84°C. and the time was 11 minutes, while 
with 0.2 amperes per sq. cm. the temperature range was 30° 
TABLE 1. EFFICIENCY TEST NO. 1. NON-INSULATED CONTAINER . 
. Area under 
Quantity Length of Range of curve of re- Kw-hr. 
Test Volts of water path tempera- Time cording watt- Con-
(Grams) (Inches) ature meter Bump-
(Deg. C .) (In sq. in.) tion 
---
1 110 907 .2 172 30--90 7 mi.n. 10 sec. . 94 .066 
2 110 907.2 172 30- 90 7 min. 0 sec. . 94 . 066 
3 110 907.2 172 30-90 7 min. 20 sec. . 926 .065 
4 110 907.2 1 72 30- 90 7 min . 0 sec. . 93 . 066 
5 110 907.2 172 30--90 6 min. 40 sec. .93 .066 
6 110 907.2 172 30--90 6 min. 10 sec. .906 . 064 
7 110 907 . 2 172 30--90 6 min. 10 sec. .87 . 061 
8 110 907.2 1 72 30--90 6 min. 20 sec . .93 . 065 
9 110 907.2 172 30- 90 5 min. 20 sec. .90 .064 
10 110 907 . 2 172 30--90 5 min. 50 sec. .90 . 064 
---
Average 110 907 . 2 172 30--90 6 min. 30 sec. . 916 . 065 
Efficiency 97 .7 percent 
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TABLE 2. EFFICIENCY TEST NO.2. INSULATED CONTAINER. 
Area under 
Quantity Length of Range of curve of re- Kw-hr. 
Test Volts of water path tempera- Time cording watt- Con-
(Grams) (Inches) ature meter sump-
(Deg. C .) (In sq . in .) tion 
1 110 907 . 2 1)1 30-90 5 min . 40 sec. .873 . 062 
2 110 907 . 2 1H _ 30-90 5 min. 30 sec, .873 . 062 
3 110 907.2 1)1 30-90 5 min . 20 sec. .908 .064 
4 110 907.2 1)1 30-90 7 min. 0 sec. . 928 .065 
5 110 907. 2 1)1 30- 90 5 min. 20 sec . .888 .063 
6 110 907 . 2 1)1 30-90 5 min . 0 sec. .858 . 061 
7 110 907 . 2 1)1 30- 90 5 min . 20 sec. .928 . 065 
8 110 907.2 1)1 30-90 6 min . 20 sec. .900 . 064 
. 9 110 907 . 2 1)1 30-90 5 min . 40 sec. . 923 .065 
10 110 907.2 1)1 30-90 5 min. 20 sec. .930 . 086 
- --
Average 110 907 .2 1)1 30-90 5 min. 51 sec. . 900 .066 
Efficiency 99 .5 percent 
to 93°C. in 3 minutes. In all experiments where bacteriological 
counts were made, 1 cc. samples were taken. These were 
plated on nutrient agar and incubated 48 hours at 37°C. 
DISCUSSION OF RESULTS 
A piece of apparatus was designed and constructed for the 
cooking of food with heat generated by the resistance of the 
food to the passage of an alternating electric current. The 
construction of the apparatus was tested, using tap water as the 
resistance medium. Preliminary experimental work showed 
tap water to be the material with the most constant resistance 
of all material tested. After testing the construction of the 
apparatus, meats, fruits and vegetables were used as the re-
sistance media for testing the practical application of the 
equipment. The current used was 60 cycle a. c. at a constant 
potential of 110 volts. 
TABLE 3. EFFECT OF LENGTH OF PATH ON THE H EATI NG T IME. 
Data for 1 inch . 
Range Area under Kw.-hr. 
Length of Quantity tempera- curve of re- Con-
T est Volts path of water tUfe Time cordi ng watt- s urnp-
(Inches) grams (Deg. C.) meter tion 
(I n sq. in) 
---
1 110 1 526 . 2 30- 90 2 min. 50 sec. .525 . 037 
2 110 1 526.2 30- 90 2 min . 45 sec. .561 . 040 
3 110 1 526 .2 30-90 3 min . .592 . 042 
4 110 1 526 . 2 30-90 3 min . . 605 . 043 
5 110 1 526 . 2 30-90 3 min . 10 flee. .562 . 040 
6 110 1 526 . 2 30-90 3 min. .562 . 040 
7 110 1 526.2 30-90 3 min. .555 . 039 
8 110 1 526.2 30-90 3 min. 10 sec. .562 . 040 
9 110 1 526 . 2 30-90 3 min . .562 . 040 
10 110 1 526 .2 30-90 3 min . 20 sec. .580 . 041 
---
Average 110 1 I 526 . 2 30-90 3 min . 1)1 sec. .566 .040 
295 
No data of conclusive value were collected on foods as each 
food offered a field of research within itself. In the testing of 
the apparatus for its practical use, however, food was used as 
the resistance medium, and many interesting phenomena were 
observed regarding its behavior. 
Efficiency tests on cooker A gave a higher efficiency than is 
obtained by present day cooking devices, showing that the 
losses due to heating the transmitting media were largely 
overcome by this process. A second series of efficiency tests 
TABLE 4. EFFECT OF LENGTH OF PATH ON THE HEATING TIME. 
Data for 1 ~ inch. 
Range Area under Kw.-hr. 
Length of Quantity tempera- curve of re- Con-
Test Volts path of water ture Time cording watt- sump-(Inches) grams (Deg. C .) meter tion 
(In sq. in) 
---
I 110 1~ 789.3 30-90 6 min. 30 sec. .845 .060 
2 110 1~ 789.3 30-90 6 min. . 805 .057 
3 110 1~ 789 . 3 30-90 5 min. 50 sec. .787 .055 
4 110 1~ 789.3 30-90 5 min. 50 sec. .775 . 055 
5 110 1~ 789.3 30-90 5 min. 50 sec. .750 .053 
6 110 1~ 789.3 30-90 6 min. 10 sec. . 850 .060 
7 110 1~ 789.3 30-90 6 min. 10 sec. .850 .060 
8 110 1~ 789.3 30-90 6 min. . 810 .057 
9 110 1~ 789.3 30-90 6 min. 10 sec. . 855 .060 
10 110 1~ 789.3 30-90 6 min. 10 sec. .850 .060 
- - -
Average 110 1~ 789 . 3 30-90 6 min. 4 sec. .817 .058 
run on the container when insulated showed an appreciable 
increase in efficiency, which proves that the losses to the out-
side media could be largely overcome. 
In the cooking of food the efficiency of the cooker was not 
as high as in the heating of water. This was due to the fact 
that in order to overcome the scorching action of the electrodes 
TABLE 5. EFFECT OF LENGTH OF PATH ON THE HEATING TIME. 
Data for 2 inches. 
Range Area under Kw.-hr. 
Length of Quantity tempera- curve of re- Con-
Test Volts path of water ture Time cording watt- sump-
(Inches) grams (Deg. C.) meter tion 
(In sq. in) 
---
I 110 2 1052.4 30- 90 10 min. 10 sec. 1.094 .077 
2 110 2 1052 . 4 30-90 10 min. 20 sec. 1.050 . 074 
3 110 2 1052.4 30-90 10 min. 1.075 .076 
4 110 2 1052.4 30-90 10 min. 5 sec. 1.026 .072 
5 110 2 1052.4 30- 90 10 min. 20 sec. 1.110 .078 
6 110 2 1052.4 30- 90 10 min. 40 s~c. 1.133 .080 
7 110 2 1052.4 30-90 10 min. 20 sec. 1.066 . 075 
8 110 2 1052.4 30-90 10 min. 40 sec. 1.073 . 076 
9 110 2 1052.4 30- 90 10 min. 30 sec. 1.0 .075 
10 110 2 1052 . 4 30-90 10 min. 50 sec. 1.103 .078 
---
Average 110 2 1052.4 30-90 10 min. 24 sec. 1.079 .075 
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TABLE 6. SUMMARY OF THE EFFECT OF LENGTH OF PATH ON THE HEATING 
TIME FOR I, 1)1, AND 2 INCHES OF RESISTANCE. 
Length of path 
(Inches) 
1 
1)1 
2 
Quantity of water 
(Grams) 
526.2 
784.3 
1052.4 
Kw.-hr. per pound 
.034 
.033 
. 033 
Time per pound 
2 min. 36 sec. 
3 min. 29 sec. 
4 min. 28 sec . 
(discussed later), it was found necessary to cover the food and 
electrodes with water. If the scorching action of the electrode 
could be overcome, it would not be necessary to use water, 
and all the current passing through the food would, theoreti-
cally, be converted into 'heat energy with 100 percent efficiency. 
With the present method of water cooling the electrodes, a 
portion of the current is used in heating the water. 
The tests in which the length of path was varied showed a 
decided effect on the time required for the test. If the resist-
ance and cross sectional area are held constant, the time is a 
function of the length of path the current travels. The greater 
the length of path the longer the cooking time. Therefore, for 
any given quantity of food, the larger the surface area of the 
bottom of the pan, and the shorter the path between the elec-
trodes, the shorter the cooking time. 
Cooker B was constructed with stationary parallel electrodes 
in an effort to hold constant the length of path. This type of 
construction worked efficiently for liquids and fruits and vege-
tables that would fit between the electrodes. Meats, however, 
had to be cut into pieces of exact size in order to fit between the 
electrodes and to make contact. With this type of electrode, 
as good contact was not always obtained as was possible with 
the disc electrodes placed above and below the food. In 
the latter type the top disc was on an adjustable arm which 
made it possible for any desired degree of pressure to be added. 
Allegheny Metal electrodes discolored with increased use 
and, if not polished after each time used, the cooking time was 
found to increase sligh-tly. The top electrode scorched the food 
Fig. 9. Chrome ( a ) and nickel (b) plate.d electrodes after use. Note the 
large spots where plating is removed. 
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Fig. 10. Potatoes cooked with s piked e lec trodes. 
(a) portion uncooked 
(b) portion scorched by top spikes. 
at the point of contact, the degree of scorching varying with 
different foods. Since an alternating current was used, the 
cause of this was not understood. The wiring was reversed as 
a check for polarity but the results remained the same. The 
electrical resistance of Allegheny Metal being 416 ohms per 
circular mil foot (1), not enough heat was generated within 
the electrode itself to produce this scorching action. 
The thermal conductivity of Allegheny Metal is 0.069 cal-
ories per centimeter per second per degree C. (1); therefore, 
in an attempt to find an electrode that would disperse more 
rapidly this concentration of heat producing the scorching 
action, copper electrodes were constructed with a thermal con-
ductivity of 0.91 (15). These copper electrodes were chrome 
plated and nickle plated to prevent the action of the food acids 
and alkalies on the metal. 
TABLE 7. RESULTS WITH DIFFERENT TYPES OF ELECTRODES. 
Cooker Electrod es Resistance Results Results wi th 
medium with liquid solids 
--- I Direction Liquids Top electrode Shape Material Number flow of Fruits sC~~bfeesd :~~e-current Vegetables 
Meats fruits 
Allegheny Good 
Cooker A Disc Metal 2 Vertical 
---
Copper Plating re-
Nickel moved with 
Cooker A Disc Plated 2 Vertical Water first test 
----
Copper Plating re-
Chrome moved with 
Cooker A Disc Plated 2 Vertical Water first test 
----------
I 
Disc Spikes on top 
spi ked Alleghney electrode 
Cooker A 1 inch Metal Horizontal Water Good scorched inside 
apart 2 Potatoes potato. D id not 
cook uniformly 
---
Liquids Top electr ode 
Allegheny Fruitf' . scorched fruits 
Cooker B Disc Metal 2 Vertical Vegetables Good and vegetables 
---
Rectang-l Allegheny Horizontal Water 
Cooker C ular Metal 4 Potatoes Good Good 
• 
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Tap water was used as the resistance medium for the first 
tests on these electrodes. The plating was put on with direct 
current, but was partially removed by the alternating current. 
During the first t est large spots were removed, leaving the 
copper core exposcd and the water became green in color. 
(Fig. g.) 
Working on the theory that the scorching action might be 
partially due to a concentration of electric current at the point 
of contact between the electrode and the food, spiked electrodes 
were constructed. With these electrodes the length of path for 
t he flow of the current was held constant and the surface area of 
contact between food and electrode was increased. When 
potatoes were used as the medium it was found that instead 
of spreading the concentration of current by the increased 
area of surface contact, a larger quantity of current passed 
through the food and the scorching action remained the same, 
TABLE 8. RESULTS OF VEGETABLES COOKED. 
Approxi- , 
mate Approxi-
Vegetables Method of length mate Texture Flavor Color 
cookery of path length 
(inches) of time 
Asparagus Started with cold Bright 
water 1U 15 min. Firm Good Green 
Carrots Started wi th cold 9 min. Fres h v e g . 
water 1>i 10 sec. Firm flavor Good 
Started wi th cold 
water 2 12 min. 
Cauliflower Started with hot Fresh veg . 
water 2 7 min. Firm flavor White 
(Cut) with water 2 60 sec. 
Tomatoes (Whole) without 
water 2 45 sec. Good Good Good 
Parsnips With water 1-3/8 10 min. Fresh veg. 
12 sec. Good flavor Good 
Potatoes With water 2 ,l-f 14 min. Similar to Flavor of 
baked po- baked po-
tato tato Good 
each spike on the top electrode scorching the potato on the 
inside. (Fig. lOb.) When the spikes were removed from the 
potato, a portion of potato remained around each spike on 
the top electrode. In addition, the pot.atoes did not cook uni-
formly. The current flowed directly between the spikes from 
the opposite electrodes, leaving large spots of potato uncooked. 
(Fig. lOa.) 
The only method found to relieve the scorching action was 
to use the disc electrodes and to place the top electrode slightly 
above the surface of the food, but in contact with the water. 
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Fig. 11. Graphic wattmeter chart s howing the effect on wattage con-
sumption of the ch a nging inte m a l res ista nce during the cooking process. Note 
the Similarity of wattage consumption for ten runs in which equal quantities 
of potatoes were used. 
By this method the current passed first through the water and 
then through the food. The length of path for the flow of 
current was thus increased, and as a result the cooking time 
increased slightly. 
It was found that in cooking most vegetables the scorching 
action at the top electrode was so pronounced that the cooking 
process could not be completed. As a result most vegetables 
were cooked surrounded with water. When food is cooked in 
water, the current divides, as the food and water are in parallel, 
and the greater quantity of current passes through the path of 
least resistance. Preliminary tests showed cold tap water to 
have a higher resistance than hot water so all foods cooked 
were started in cold water. 
This method of starting food in cold water does not conform 
to the scientific method of cooking certain food, but it was be-
lieved that some of the detrimental effects, such as mineral 
losses, would be noticeably decreased since the cooking time 
was shortened to such an extent. The vegetables cooked uni-
formly throughout. Their textures were good and the fresh 
vegetable flavor seemed to be retained . The color was not 
affected. 
The internal resistance of food varies during the cooking 
process, probably because of certain chemical and physical 
changes within the food . (Fig. 11.) As has been noted, by 
means of a rheostat it was possible to maintain constant volt-
ages in some tests. Many times the resistance of the food, 
however, was found to vary so rapidly that it was impossible 
to hold the voltage constant. Simultaneous with the drop in 
voltage at the beginning of the cooking process, came an in-
crease in internal temperature and power consumption. This 
action continued to a certain point in the cooking process where 
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the internal temperature reached its peak and started to drop 
back gradually toward the boiling point of water, the surround-
ing water started to boil, the voltage started to build back to-
ward normal, and the power consumption dropped. (Fig. 12.) 
Repeated experiments seemed to indicate that the cooking 
time was best determined by counting from the time the sur-
rounding water started to boil. For anyone food the period 
of time up to the boiling of the surrounding water varied with 
the distance between the electrodes, but the period from the 
t ime the surrounding water started to boil to the time that 
the product was done, seemed to be a fixed quantity for each 
type of food . Four minutes after the water surrounding the 
potatoes started to boil, the potatoes were found to be done. 
In many instances the internal temperatures reached were 
far above the boiling· point· of water . In potatoes, tempera-
tures as high as 115° to 120°C. were reached. The texture and 
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Fig. 12. Gr aph ic instrument charts showing s imulta neous changes in 
voltage, wattage a nd internal temperature for three types of foods. 
(a) meat 
(b) Potatoes 
(c) apples. 
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flavor of the potato resembled that of a baked potato. The 
starch grains appeared puffed when examined under the micro-
scope. 
In testing the practical use of the apparatus in the cooking 
of food, fruits were found to cook readily. With the exception 
of apples, all the fruit cooked was canned as in the open kettle 
method. Tests on fruit were run, (1) to determine the cooking 
qualities of the fruit, and (2) to determine their keeping quali-
ties when canned. One pint of fruit was cooked at a time and 
several cooking times were used for each fruit. In the first 
series of tests, the fruit was cooked in a thin sugar sirup (pre-
viously made and cooled). The minimum time of cooking 
used for each fruit was the time to reach the boiling point, and 
the additional cooking times were arbitrarily chosen. The 
fruit was canned and let stand for a period of 10 months. When 
the fruit was opened it was judged for its keeping qualities, 
color, texture and flavor. 
Out of 40 pints canned, only 1 pint was found to have spoiled 
and this was because of a faulty seal. Not a great deal of 
difference could be detected in color among the dij'ferent cook-
ing times. The texture and flavor of the fruit cooked the mini-
TABLE 9. RESULTS OF FRUITS COOKED AND CANNED. 
Type of Time for Time for Keeping 
Fruits cookery cooking keeping qualities Flavor Color 
With and Not 
Apples wi t hou t canned Good Good 
water 
Apricots Sugar 1 min . 10 months Similar to 
Syrup 1 min. 30 sec. Good fre s h fruit Bright yellow 
2 min. 45 sec. 
Cherries Sugar 3 min. 
Syrup 3 min. 45 sec . 10 months Good Good Good 
2 min. Fair, frui t 
Peaches Sugar 5 min. slightly green 
Syrup 5 min. 30 sec. 10 months Good Good when cooked 
Plums Sugar 1 min . Simil ar t o 
Syrup 1 min. 30 sec. 10 months Good Fresh fruit Good 
2 min . 
Raspberries Sugar 2 min. 15 sec. Similar to 
Syrup 2 min. 30 sec. 10 months Good fresh frill t Good 
1 min. Similar to 
Strawberries Sugar 2 min. fresh fruit 
Syrup 2 min. 45 sec. shortest time 
3 min. 4 min . 10 months Good best flavor Good 
Sugar 1 min . 30 sec . 
Grapefruit Syrup 2 min. 10 months Good Good Good 
Sugar 4 min. Similar to 
Pineapple Syrup 6 min . 7 min. 10 months Good fresh fruit Good 
Sugar 3 min. 30 sec. 
Rhubarb Syrup 4 min. 10 months Good Fair Fair 
All frillt overcooked. Shortest cooking time gave best flavor and texture. 
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mum time was decidedly the best. In many fruits, the fresh 
fruit flavor seemed to be retain'ed to a greater degree than when 
canned by the customary method. Nevertheless, all jars were 
judged to be overcooked. 
In the second series of tests on canning fruit and vegetables, 
the fruit was heated to final temperatures ranging from 60°C. 
to boiling. A few fruits such as pineapple were boiled for 1, 
2, 3 and 4 minutes and the vegetables were boiled from 1 to 
20 minutes. In this series of tests the fruit was judged not 
only for flavor, texture and appearance, but bacteriological 
counts were made before cooking, after cooking and on being 
opened. 
When the fruit was opened it was found difficult to differ-
entiate in most cases between the flavor of the juice heated to 
the different temperatures. This was partially because the 
fruit was canned in water. 
Pineapple heated to 60°C. developed a decidedly sour flavor 
and was soft in texture. At the remaining temperatures of the 
series (70°C. to boiling 4 minutes) the fruit was firm in texture 
and good in flavor, with the exception of the jar at 98°C. As 
only one test had been made at each temperature no definite 
conclusions could be drawn, but since the fruit at the lower 
temperatures kept well it would seem that this spoilage may 
have been due to a faulty seal or inadequate sterilization in 
the canning equipment. 
The texture, color and flavor of the rhubarb, raspberries, 
strawberries and cherries were good at all temperatures; The 
flavor of the strawberries, cherries and red raspberries heated 
to 60°. and 70°C. seemed to be more nearly that of the fresh 
fruit. The appearance of the strawberries, red raspberries and 
rhubarb was best at the low temperatures. Boiling tempera-
ture tended to cause the fruit to lose its shape. 
The killing effect of the different temperatures on the bacteria 
varied with the different fruits. For example, final tempera-
tures of 60° and 70°C. with pineapple gave approximately a 
Fig. 13. Marbled meats cooked with disc electrodes. 
(a) dark portions uncooked 
(b) light portions cooked 
ee) fat 
Material 
1" cube lean beef (end 
grain) 
Averagp 
1" cube beef-lean (cross 
grain) 
Test 
number 
1 
2 
3 
4 
5 
Ini tial 
weight 
TABLE 10. RESULTS OF MEATS. 
Summary of Tests-Beef as Load. 
Shrinkage 
percent 
Volts Average Maximum 
watts watts 
13.0-g 9.5-9 26.9 116 249.6 1000 
13.0 9.0 30.7 116 360.0 900 
13.0 9.6 26.1 116 403.0 1200 
13.0 8.7 33.0 i16 360.0 1120 
13.0 8.3 36.1 116 376.0 1200 
1------1-----
1 (6) 
2 (7) 
3 (8) 
4 (9) 
5 (10) 
13.0-g 9.02-g 30.6% 116 349.7 1084 
13.0-g 11.7-g 10.0 11;; 228.0 780 
13.0 11.6 10.7 115 322.0 1060 
13.0 9.7 25.3 115 406.4 8·10 
13.0 11.0 15.3 115 377.6 860 
13.0 9.4 27.6 115 540.8. 1000 
----
Time 
20 sec. 
20 sec. 
20 " 
20 " 
20 " 
20 sec .. 
20 sec. 
20 sec, 
20 
20 
20 " 
Average I 13.0-g 10. 68-g 17.7% 115 374.9 908 20 sec. 
1" cube lean beef with ==;,== =13.0-';;== 12. O-g 7.6 116 151.1 420 30 sec. 
division of fatty tissue 2 13.0 11.5 11.5 116 127.8 500 30" 
3 13.0 12.5 3.0 116 118.8 440 30" 
4 13.0 11.5 11.5 116 86.5 220 30" 
5 13.0 12.0 7.6 116 249.7 860 30" 
----- ------
Product 
Cooked 
well done 
medium " 
well done 
!'a~~ly co~ked 
Cooked 
Average I 13.0-g 11.9-g 8.2% 116 146.7 588 27 sec . 
I" cuhe lean heef with ==;,=== -~3.'0-';;== 11.1-g 14.6 115.5 8 16 40 min ILean uncook-
top layer fatty tissue 2 13.0 11.4 12.3 116 Not me asuratle 40" ed" 
3 13.0 11.5 11.5 116 - - 80 " 
4 13.0 11.5 11.5 115.5 - - 40 " 
5 13 .0 11.4 12.3 115.5 - - 40 " 
----- ------
Average I======,;,!:'~~= 11.3-g 12 .2% 115.6 , 48 
1" cube Beef Stew 1 13. O-g 13. O-g 0 115 o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 hour 
1 " 2 13.0 13.0 0 115 
3 13 . 0 13.0 0 115 1 
4 13.0 13.0 0 115 1 
5 13.0 13.0 0 115 l ' 
-----
Average 13 .0-g 13.0 0 115 o o 1 hour 
Note: Meat placed between electrodes-no water. 
No effect 
w 
o 
w 
TABLE 11. RESULTS OF MEATS. 
Summary of Tests-Pork as Load 
Material Test Initial Final Shrinkage Volt. Average 
number weight weight percent watts 
1" cube lean pork (end 1 13.O-g 9. (}-g 30.7 115 360.0 
grain) 2 13.0 10.5 19.2 115 279.0 
3 13.0 10.5 19.2 115 280.8 
4 13.0 9.8 24.6 115 396.0 
5 13.0 7.8 40.0 115 417.8 
Average 13.0-g 9.46-g 26.7% 115 346.7 
1" cube 1ean pork (cross 1 13.O-g 9.5-g 26.9 115 381.6 
grain) 2 13.0 8.3 36.1 115 378.0 
3 13.0 8.7 33.0 115 396. 
4 13.0 10.0 23.0 115 288.0 
5 13.0 10.4 20.0 115 396.0 
Average 13. (}-g 9.38-g 27.8% 115 367.9 
l" cube lean pork with 1 13.0-g 11.2-g 13.8 115 240.0 
division of fatty tissue 2 13.0 12.0 7.6 115 328.8 
3 13.0 9.1 22.3 115 416.0 
4 13.0 11.4 12.3 115 288.8 
5 13.0 11.4 12.3 115 222.2 
Average 13.O-g 11. (}-g 13.6% 115 299.1 
1" cube lean pork with 1a 13. (}-g 11. 8-g 9.2 115 51.2 
top layer fatty tissue 2a 13.0 12.3 5.3 115 30.8 
3a 13.0 12.3 5.3 115 24.4 
4a 13.0 12.6 3.0 115 12.4 
5a 13.0 11.1 14.6 115 29.2 
Average 13.0-g 11. 86g 7.48% 115 31.6 
1" cube pork fat 1b 13.O-g 5.0g 53.8 115 5.6 
2b 13.0 7.0 46.1 114 15.0 
3b 13.0 4.9 62.3 114 8.8 
4b 13.0 5.2 40.0 114 8.0 
5b 13.0 9.0 30.0 115 8.8 
Average 13. (}-g 6. 42-g 46.4% 114.4 9.2 
------- ---
- _._--
---------
Notes: Meat placed between electrodes--no water. 
I Maximum Time 
watts 
1180 20 sec. 
1000 20 " 
11&0 20 
1000 20 " 
1000 20 " 
1072 20 sec. 
1240 20 sec. 
880 20 " 
1120 20 " 
1160 20 " 
£60 20 " 
1052 20 sec. 
1240 20 sec. 
1500 15 " 
800 20 " 
480 20 " 
380 20 " . 
820 19 sec. 
216 1.2 min. 
48 2 " 
40 2 " 
20 3 " 
220 3 " 
108.8 2.24 min. 
48 40 min. 
80 30 " 
42 40 " 
30 40 " 
15 40 " 
43 I 38 min. 
Product 
Well done 
" " 
" " 
" " 
" " 
Well done 
" " 
" " 
" " 
" " 
Well done 
" " 
" " 
Slightly rare 
Well done 
Lean uncook-
" " 
" " 
" " 
" " 
Fat fried out 
" " " 
" " " 
" " " 
" " " 
vJ 
o 
~ 
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Fig. 14. A thirteen minute meal (cooked by the present method). 
Time of cooking; 3 pound roast, 2 minutes 30 seconds 
Potatoes, 11 minutes 
Carrots, 12 minutes 30 seconds 
Cauliflower, 9 minutes 
Apples, 11 minutes. 
Liquid in glass, juice extracted from roast. 
90 percent reduction, while with raspberries 60°C. gave a 50 
percent reduction and 70°C. gaye a 62 percent reduction. 
With all fruits the final temperatures of 80°C. to boiling gave 
reductions varying from 95 to 99.9 percent. The killing effect 
on bacteria in strawberries when heated in water seemed to 
be greater than when heated in a sugar sirup. A 60°C. final 
temperature with a sirup solution gave a 45 percent reduction 
while 98°C. gave approximately an 85 percent reduction. 
With peas, final temperatures below boiling had little killing 
effect while boiling temperature gave approximately a 90 per-
cent reduction. The samples at all temperatures, however, 
spoiled within 36 hours. 
Temperatures below boiling were not used for green beans. 
A boiling temperature for 3 minutes gave a 99.9 percent re-
duction and increased boiling time had no effect. While no 
bacteria were found in the aerobic plate count of any of the 
samples of beans, all jars spoiled within 36 hours owing to 
anaerobic bacteria. 
In the preliminary work on meats several obstacles were en-
countered so that various tests were run to discover possible 
ways of overcoming these difficulties, some of which are dis-
cussed in the following paragraphs. 
In comparison with other foods, lean meats were found to 
have a very low resistance; fat meats, on the other hand, had 
an extremely high resistance. If a piece of marbled meat were 
cooked with the marbling of fat parallel to the electrodes the 
TABLE 12. RESULTS OF MEATS. 
Summary of Tests-Mutton as Load 
--- - - -- - ---- -
Material Test Initial Final Shrinkage Volts Average Maximum 
number weight weight percent watts watts 
1" cube lean mutton (end 1 13.()...g 1O.8-g 16.9 114 128.0 332 
grain) 2 13.0 10.0 23.0 114 430.0 680 
3 13.0 9.9 23.8 114 275.2 400 
4 13.0 11.4 12.3 114 275.3 800 
5 13.0 10.3 20.7 114 402.4 680 
Average 13.0-g 10.48g 19.3% 114 302.1 574.4 
I" cube mutton (cross 1 13.()...g 8.4-g 35.3 114 554.8 1280 
grain) 2 13.0 9.7 25.3 114 444.4 1068 
3 13.0 10.0 23.0 114 520.0 900 
4 13.0 8.5 34.6 114 672.0 1180 
5 13.0 n.8 24.6 114 422.2 700 
Average 13.0-g 9.28-g 285% 114 522.6 1025 
I" cube lean mutton with 1 13.()...g 13.0-g 0 115 not me~surable 
top layer fatty tissue 2 13.0 12.0 7.6 115 
3 13.0 11. 7 10 115 
4 10.0 10.0 0 115 
5 10.0 10 .0 0 115 
Average 11.8 11. 3 3.5% 115 
I f/cube mutton tallow 1a 11.0-g 11. Og 0 115 not measurable 
2a 13.0 13.0 0 115 
3a 13.0 13.0 0 115 
4a 13.0 13.0 0 115 
5a 13.0 13.0 0 115 
Average 12.6 12.6 0 115 
- - -----
Notes: Meat placed between eleetrodes=no water. 
Time 
30 sec. 
15 
15 " 
15 " 
15 " 
18 sec. 
20 sec. 
18 
15 " 
15 " 
15 
16.6 sec. 
1 hr. 
1 " 
1 " 
1 " 
1 " 
1 hr. 
1 hr. 
1 " 
1 " 
1 " 
1 " 
- ---- - - --
Product 
Cooked 
" 
" 
" 
" 
=== 
":~ll d~ne 
" " 
" " 
" " 
No. effect 
" " 
" " 
" " 
" " 
-----
No. effect 
" " 
" " 
" " 
" " 
co 
o 
0:> 
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lean portion cooked best, the fat merely became hot but did 
not change. When the meat was placed in the container with 
the marbling perpendicular to the electrodes, the. lean cooked, 
but the fat did not even become hot, only warm. (Fig. 13.) 
The meat juices were extracted to a greater degree than by 
the customary methods of cooking, resulting in increased 
shrinkage and usually in a very dry product. (Fig. 14.) If 
the meat contained bone and the bone were placed perpen-
dicular to the electrodes, the shrinkage of the meat often 
caused poor electrical contact between the meat and the top 
electrode and in some cases the contact was broken entirely 
before the cooking process was completed. The poor contact 
also had a tendency to cause a slight scorching action which 
gave the meat an undesirable flavor. When the meat was first 
seared in a pan over a burner and then cooked by this process, 
a more juicy and more palatable product was usually obtained. 
Experiments showed that the difficulty of poor contact be-
tween electrodes and the meat was overcome and that the 
scorching effect was eliminated, by cooking the meat in the 
container with electrodes and meat submerged in a liquid, as 
water. The product obtained, however, was not altogether 
desirable, for the meat was often tasteless. The time was also 
longer than when the meat was cooked without water. 
While lean meat cooked readily by this process and the time 
and cost of cooking were decreased, it was found that the 
product was usually tough and rarely palatable owing to the 
scorched flavor. The longer the cooking time the tougher 
was the product, and acids such as tomato juice and sour 
cream failed to have any effect in helping to break down the 
connective tissues. 
Several pertinent facts were brought out by the tests run 
on the I-inch cubes of meat. In the series on the relation of 
direction of fiber to current flow, not enough difference could 
be detected to draw any definite conclusions. When a division 
layer of fatty tissue was interposed, the effect was dependent 
upon the thickness, location and degree of separation of the 
lean pO'rtion by the fatty layer. In the case of a top layer of 
fatty tissue, the process was practically stopped, the fatty 
layer acting as an insulator. After long continued application 
of the current, this fatty layer would sometimes show indica-
tions of breaking down, particularly in the case of pork fat. 
The time required, however, for this to occur, was 100 to 200 
times as great as that required to cook the lean meat. 
Experiments with cubes of beef suet, pork leaf fat and mutton 
tallow were practically negative, as little or no current would 
pass through them. It is evident from these tests when the 
time element is observed, that where fatty tissue is distributed 
through the lean or is adjacent to it, the fatty tissue is cooked 
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by conduction of heat from the lean meat, and a marked vari-
able dependent upon the amount and distrib!-ltion of this fatty 
tissue is always present which affects the satisfactory cooking 
of meats. 
Chicken cooked readily by this method, even the marrow of 
the bone being well done, but the product was tough and dry. 
In the canning of fruit juice it was found that each juice 
offered a field for research within itself. As this was the initial 
work a great deal of preliminary experimental work had to be 
done and because of the seasonal period of the fruit used, the 
work at present has not been carried for any juice beyond the 
preliminary tests. 
In the canning of tomato juice the pulp was not removed 
because of its vitamin content. As a result this introduced a 
problem in the heating process. The pulp particles separated 
out and apparently arranged themselves in layers, the lighter 
particles coming to the top and the clear liquid settling to the 
bottom. During the heating process it was found that there 
was a wide variance in the temperature at different depths in 
the solution. For example, when the top portion of the juice 
was boiling the temperature of the liquid at the bottom of the 
container would be around 88°C. 
In an effort to overcome this difference in temperature, a 
container was constructed having a center post for one electrode 
and the outer rim of the container for the second electrode. 
In this container the current passed horizontally from center 
to rim and vice versa, and it was thought that this direction 
of current through the liquid might prevent the separation 
that took place when the current passed vertically. It was 
found, however, that instead of overcoming the difficulty of 
separation it introduced a second variable. The concentra-
tion of current around the center post increased the tempera-
ture to such a degree that a cylindrical portion of the liquid 
approximately 2 inches in diameter in the center of the con-
tainer boiled rapidly, while temperature measurements of the 
surrounding liquid showed progressively lower values as the 
thermometer was moved from the center toward the outer 
nm. 
When the juice was canned the pulp again separated from 
the liquid. In some bottles the pulp rose to the top, in others 
it settled to the bottom, while in a few it divided, part going to 
the top and part to the bottom, leaving the clear liquid in the 
center. In a large proportion of the samples, a white precipi-
tate formed on the bottom of the bottle. 
The color of the juice remained good but when opened was 
found to have developed an off flavor at all cooking tempera-
tures. Some bottles of juice were extremely acid while others 
were flat and tasteless. Bacteriological cQunts were made from 
309 
TABLE 13.].BACTERIOLOGICAL CHECK ON CANNED FRUIT, BEFORE HEATING, 
AFTER HEATING, AND ON OPENING. 
Fruit-
final temperature 
Pineapple 60°C. 
70°C. 
80°C. 
98°C . 
Boill' 
2' 
3' 
4' 
Strawberries without 
sugar 60°C. 
70°C. 
80°C. 
90°C. 
98°C. 
With sugar 60°C. 
70°C. 
• 80°C. 
90°C. 
98°C. 
Raspberries 60°C. 
70°C. 
80°C. 
98°C. 
Boil l' 
2' 
Cherries 60°C. 
70°C. 
80°C. 
98°C. 
Boil l' 
Rhubarb 70°C. 
80°C. 
90°C. 
98°C. 
Boil l ' 
P eaR 90°C. 
99°C. 
Boil l ' 
2 ' 
3' 
4 ' 
Green Beans 
Boil 3' 
6' 
9' 
12 ' 
20' 
*Aerobic plate counts per CC. 
Incubated 37°C. 48 hours. 
Medium : PlaiD nutrient Agar. 
Before 
heating 
5,000* 
4 , 500 
2,700 
2,800 
5,000 
6 , 000 
4,000 
5,000 
10,000 
1 , 000 
1,000 
800 
400 
550 
1 , 700 
1,100 
1,000 
1,200 
1 , 000 
500 
5,000 
750 
12 , 000 
10 , 000 
4,000 
10 ,000 
5,000 
5,000 
8 , 000 
1 , 100 
I ,OCO 
550 
6W 
650 
11,000 
980 
900 
3,200 
1 , 350 
2,600 
450 
240 
260 
750 
1,700 
Perpent 
After On opening reduction 
heating after 
heating 
500' 4,500' 90 
400 8,000 91 
12 4,000 99 
3 10 , 000 99 
15 99.9 
3 99.9 
99.9 
970 99.9 
25 8 99.9 
60 2 94.0 
30 97.0 
40 95.0 
15 96.2 
300 45 . 4 
750 10 55.8 
430 60.9 
550 56 45.0 
176 85.3 
500 60 50.0 
190 180 62.0 
220 70 95.6 
15 12 98.0 
7 99.9 
7 11 99.9 
4,OCO 3 ,800 0 
150 7 99.5 
6 3 99.8 
2 99.9 
99.9 
22 5,000 98. 0 
20 2, 600 98. 0 
12 4 , 000 97.9 
128 99.9 
16 / 99 . 9 
10 ,000 All 0 . 9 
720 spoiled 27.3 
56 within 93 . 7 
285 36 h ours 91.0 
175 87.0 
110 90.5 
All spoiled 99.9 
within 36 99 . 9 
hours due 99.9 
to Anaerob- 99.9 
ic bacteria 99.9 
(Counts included both bacteria and yeasts caoable of growing on medium used.) 
two bottles of each series of four. In none of the cases was 
the count sufficiently high to indicate spoilage. 
Cider and grape juice did not offer the temperature problems 
encountered with tomato juice because the solid portions were 
removed. Low final temperatures gave the best color and 
• 
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flavor with grapejuice. With cider the low temperature gave 
the best flavor but little difference could be detected in appear-
ance between the juices heated to t he different temperatures 
The keeping qualities of the grapejuice, as judged by flavor, 
were good at all temperatures. Two or three bottles of cider 
were off flavor, but as the juice at the temperatures just above 
and below were good it was concluded that the cause of spoil-
age was perhaps due to some other factor than adequate sterili-
zation of the juice itself. The bacteriological count was low 
in all tests. The varying of the current density and voltage 
seemed to have practically no effect. 
Cider with a pH of 3 was sterile at all temperatures, while 
complete sterility di.d not occur with a pH of 3.5 and 4 until 
temperatures of approximately 85° to 90°C. were reached. 
In the study of the lethal effect of 60 cycle alternating cur-
rent of available household voltages on certain food bacteria, 
no significant reduction was obtained in any of the tests of the 
series at sub-lethal temperatures. In the final test comparing 
the reduction obtained at different temperatures when the 
solution was heated by the method under test and by the or-
dinary conduction method of heating, it was found that the 
reduction at the different temperatures was approximately 
the same by both methods of heating. 
SUMMARY AND CONCLUSIONS 
A piece of cooking apparatus was designed and constructed 
for cooking of food with heat generated by the resistance of 
the food to the passage of an alternating electric current. 
Fruits, vegetables and meats were cooked by this process and 
judged for texture, color and flavor. Fruits and fruit juices 
were heated to different temperatures, canned and tested for 
keeping qualities. 
The results of the research indicated: 
1. That it is possible to construct a piece of apparatus 
that will develop heat within the food where it is needed, and 
in more nearly the exact quantity needed for cooking pur-
poses. 
2. That the efficiency of electricity as a source of heat for 
cooking may be greatly increased. 
3. That the cooking time when using this method is de-
creased by increasing the cross sectional area of the path fpr 
the current and decreasing its length. This accords with the 
law of energy consumption in an electric circuit . 
4: That a large number of foods may be cooked by this 
method in a much shorter period of time than by the present 
methods of cookery. 
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5. That with fruits and most vegetables as good a pro-
duct and in many instances a better product may be obtained 
by this method of cooking. 
6. That in this method of cooking there is a decided tend-
ency toward the retention of the natural flavor of the fruits 
and vegetables. 
7. That the short period of time used for cooking fruit. 
is sufficient to insure good keeping qualities when canned. 
8. That lean meat will cook by this process but the 
product is dry, usually has a scorched odor and flavor, and is 
not always palatable. 
9. That where fatty tissue is distributed throughout the 
lean, cooking will take place, but variable conditions are set 
up which are difficult to control. -
10. That a complete layer of fatty tissue separating the 
electrode from the lean meat will practically stop the cooking 
process. 
11. That the difficulty of obtaining good contact between 
electrode and the meat may be overcome by submerging elec-
trodes and meat in a liquid such as water. The scorching 
action may also be overcome by this method. 
12. That fatty tissue in meat is apparently cooked by con-
duction of heat from the lean meat. 
13. That the varying electrical conductivities of the tissues 
found in the meat together with other physical factors make 
the practical application of this process to the cooking of meats 
verv uncertain. 
i4. That cider and grapejuice may be sterilized sufficiently 
at temperatures of 60° to 70°C. to insure good keeping qualities. 
15. That tomato juice containing pulp cannot be sterilized 
by the present method at temperatures below boiling. 
16. That the natural fruit flavor seems to be retained to a 
greater extent in canned fruit juices and fruits when heated 
by this method than by the ordinary methods of heating. 
17. That the minimum temperature necessary to insure 
good keeping qualities varies for different fruits. 
18. That the current densities tested will not produce an 
appreciable killing effect on Bacterium coli and spores of Bacil-
lus subtilis when the final temperatures are sub-lethal. 
19. That the reduction of bacteria obtained at different 
temperatures when a solution is heated by passing an alter-
nating current through it is approximately the same as when 
heating the solution by the ordinary conduction method. 
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